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METHOD AND APPARATUS FOR DELETING DATA 



Background of Invention 

The present invention relates to a method for deleting unnecessary 
data in which the process of a main program alternates with the scanning of 
a data recording region having recorded therein data used in carrying out 
the main program, to data deleting apparatus suitable for this method, and 
to a recording medium having recorded thereon programs for realizing this 
apparatus. More particularly, the present invention relates to a data 
deleting method, a data deleting apparatus, and recording medium for 
deleting unnecessary data generated in application software programs 
created using programming languages which create data dynamically, and 
which are required to be carried out in real time. 

In application software programs (referred to as main program 
hereinafter) created using programming languages which create data 
dynamically, such as Java, C++, Lisp and Prolog, the data created and used 
once during processing of the main program sometimes become unnecessary 
as the main program proceeds. 

In view of this, in order to effectively use a data recording region 
wherein data is recorded, this unnecessary data must be deleted from the 
data recording region, and after this data is deleted the data region must be 
reused for recording other data. This process in which data is recorded and 
then the recording region is reused is called "garbage collection" (referred to 
as GC hereinafter), and this is a process which is indispensable to the main 
program. 

1 



When the main program for which real time property is of great 
importance is processed, the GC must be carried out substantially in 
parallel with the main program, and such methods which have been 
proposed or actually used include On-the-fly GC, duplicating type 
incremental GC, and snapshot GC. 

On-the-fly GC is a method in which a processor which processes the 
main program is separately provided from a processor dedicated to the GC 
program, and both processors are operated in parallel and the GC program 
can be executed in real time, and this method applies algorithms such as 
that conceived by Dijkstra in which, while observing the indications of a 
pointer which indicates data recording region by the main program, 
marking of the data recording region indicated by the pointed is carried out 
and the unmarked data in the unnecessary data region is deleted, as well as 
the algorithm conceived by Steele in which compression processes are used. 

The duplicating type incremental GC is a method in which an 
algorithm designed by Baker is applied. In this method two data recording 
regions (from space and to space) are secured from the usable recording 
regions, and only one data recording region (from space) is used to carry out 
the process of the main program. The usable data which is indicated by the 
pointer is copied to the other data region (to space) and the data in this 
other data region is deleted. 

However, in both of the On-the-fly GC and the duplicating type 
incremental GC, large overhead costs are incurred in carrying out the 
program, and further it becomes necessary to add or secure hardware 
resources such as processors, recording regions and the like and thus 



practical application as a general use device was difficult. 

As a result, the snapshot GC which was conceived by the Yuasa who 
is the inventor of the present invention, like Dijkstra, is based on the 
algorithm in which marking of a data region is carried out and then this 
data region is deleted, and the object was to simply realize a general use 
device, and this is widely used at present due to this excellence. 

In the snapshot GC, the main program is stopped, a function 
recording region for the function necessary for process of the main program 
and a static recording region which determines in advance the locations 
other than the function recording regions, are scanned. Advance marking 
(marking in advance) for identifying data for protection in the data 
recording region which is directly or indirectly indicated by the pointer 
which has been recorded in the functional recording region which has been 
scanned is carried out. Further, marking is carried out in order to protect 
the data in the recording region which has been marked in advance. In 
addition the method is one in which an algorithm is applied in which data 
recorded in data recording regions which have not been marked is deleted. 

This type of snapshot GC process will be described using the 
drawings. Figs. 10A to IOC conceptually illustrate the function recording 
region for the function which is necessary for executing the main program. 
The main program is generally carried out when the function is in a called 
state. As shown in Figs. 10A, 10B and IOC, the function necessary for the 
process of the main program calls the function to be executed from among 
those functions being executed, and a new function region is secured in a 
stack in the function recording region having the function and which has 



been secured in the stack region in the memory, and the function which has 
been called is executed. After the execution of the function is complete, a 
process is carried out such that the stacked functional recording region 
which has become unnecessary is destroyed. 

The function region for the function being executed (function frame) 
is called the current frame, and in Fig. 10A the function F is being executed 
and the function recording region for the function F is the current frame. 
When the function G which is different from the function F is called, as 
shown in Fig. 10B, the function recording region for executing the function 
G is stacked in the stack region and becomes the current frame, and when 
the execution of the function G is completed, the corresponding function 
recording region is destroyed and it returns to the state prior to the calling 
shown in Fig. 10A. 

It is to be noted that in Fig. 10B, when yet another function H is 
called, as shown in Fig. IOC, the function recording region for executing 
function H is stacked in the stack region and becomes the current frame. 
When the execution of the function H ends, the corresponding function 
recording region is eliminated and it returns to the state prior to the calling 
shown in Fig. 10B. 

Fig. 11 is an explanatory chart which conceptually illustrates the 
scanning and marking process of a conventional method for data deletion 
(snapshot GC). It is to be noted that in Fig. 11, lines which slant downward 
to the left illustrate the function recording regions which have been scanned, 
and the lines which slant downward to the right illustrate the function 
recording regions which have not been scanned. Scanning of the pointer 



recorded in the function recording region is carried out from the function 
recording region at the highest position, toward the function recording 
region at the lowest position which is the origin function, and advance 
marking is carried out for the data recording region which is indicated by 
the pointer which was scanned. Then marking is executed in the data 
recording region in which advance marking was carried out, and the data 
recorded in the data recording region which has not been marked is 
considered unnecessary data and thus deleted. 

However, during the snapshot GC process, because there is a small 
number of recorded pointers in the static recording region, the scanning and 
the advance marking of the static recording region is completed within a 
short time, but the scanning and advance marking of the function recording 
region is not necessarily completed in a short time because the function 
recording regions which are to be scanned fluctuate. 

However, because the snapshot GC interrupts the main program and 
executes the snapshot GC processes, in order to maintain real time property 
when carrying out the GC program, the processes related to the GC program 
must be divided and carried out. 

Because the process of executing the scanning and advance marking 
of the static recording region is completed in a short time, it may be 
executed while the main program is interrupted and further, even when the 
process for marking and deleting the data in the data recording region 
which has been marked in advance is not completed in a short tiriie, because 
it is possible to divide the processes, neither of these processes cause any big 
problems. 



However, because the scanning and advance marking of function 
recording region may take a long time, there is the problem that real time .. 
property may be lost. 

Thus, it may be thought that if the process of scanning and advance 
marking of function recording region is divided, and each time the program 
is interrupted, it scanned little by little and the time of each interruption 
becomes shorter and the real time property of the main program is 
maintained. However, in this case, process abnormalities such as those 
exemplified below may be generated. 

Fig. 12 is an explanatory chart which conceptually illustrates the 
scanning and marking process of a conventional method for data deletion 
(snapshot GC). As in Fig. 11 the lines which slant downward to the left 
illustrate the function recording region which has been scanned, and the 
lines which slant downward to the right illustrate the function recording 
region which has not been scanned. In addition, the state shown in Fig. 
12A, the assumption is made that the GC process is interrupted and the 
main program is executed, and it is then transferred to the state shown in 
12B. In the state shown in 12A, the data recording region a has been 
marked in advance, but the data recording regions b and c are not marked 
in advance. 

The main program is executed from the state shown in Fig. 12A, and 
in the case where it is transferred to the state in Fig. 12B, the data 
recording region b is indicated but the function recording region having 
recorded therein the pointer which indicates the data recording region b is 
changed from an unscanned function recording region to a scanned function 




recording region, and when the GC process resumes, because advance 
marking is not carried out in the data recording region b (because the 
failure of the advance marking has been generated), the data is not 
protected and thus deleted. As a result, when due to execution of the main 
program, the process which requires the data recording region b is executed, 
because that data has been deleted, processing abnormalities occur. 

The following describes the conditions in which this type of failure is 
generated. Figs. 13Aand 13B are explanatory charts which conceptually 
illustrates the scanning and marking process of a conventional method for 
data deletion (snapshot GC). In general, during execution of the function, 



€1 not all of the function recording regions, but only the function recording 

*0 region inside of the current frame is referred to. 

14 

U| Fig. 13A shows the state in which the current frame includes the 

m 

fij scanned function recording region, and in the case of this state, even if the 

ft 

Q state of the stack is changed due the process of the main program, because 

jf$ only the scanned function recording region is affected, failure is not 

p generated. 



Fig. 13B shows the state in which the current frame includes the 
unscanned function recording region, and when the stack is changed due to 
the process of the main program, the pointer which indicates a specific data 
recording region moves to the scanned function recording region, and thus 
there is the possibility that failure is generated. 

In addition to the processing abnormalities generated in executing 
the basic processes described above, in the case of a language system which 
supports local functions, there is the problem that the conditions 
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exemplified below must also be considered. 

Fig. 14 is an explanatory chart which conceptually illustrates the ...... 

scanning of a conventional method for data deletion (snapshot GC). Fig. 14 
assumes a simple Common Lisp code in the following, which includes local 
functions. 

(defun F(x) . 

(labels((G(yz)...(Gzy)...)) 
(Gxx))) 

That is to say, in the function F, the local function G is defined and 
from function G, function G itself is called reflexively. Further, the variable 
x which appears in this reflexive calling system is a parameter which is 
defined by the function F and it exists in the function recording region F. 
For this reason, while function G is executed, not only the function 
recording region of function G, but also the function recording region for 
function F which is at a position lower than this function recording region is 
also referred to, and generally this is realized because the function recording 
region for function G stores a static link which makes it possible to refer to 
the function recording region for function F. In this case, as shown in Fig. 
14, a situation is generated in which the function recording region for 
function G which has already been scanned is referred to, and then the 
function recording region for function F which has not been scanned is 
referred to and this may cause various inconveniences. 

Further, there is the problem that the conditions must be considered 
in which due to unusual processing such as interruption or other 
intercepting commands while the main program is being executed, or due to 
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general escape, the function to be executed changes from the state of being 
executed to being a function at a lower position which is to become the . 
return function and one which is not called by the function. 

Figs. 15A and 15B are explanatory charts which conceptually 
illustrates the scanning of a conventional method for data deletion 
(snapshot GC). As illustrated in Fig. 15A the condition which is to be 
considered is, after the execution of function H ends due to unusual 
processing or due to general escape, during the execution of function H, it is 
not function G which is called by function H, but rather, as shown in Fig. 
15B, the function called throw which executes the function F which is at a 
lower position than the return function, that is executed. 

When throw is executed, the function recording region for the 
function H has been already scanned, but the situation is sometimes such 
that the function recording region for the function G and the function 
recording region for the function F are not scanned, and the problem 
remains of how to carry out the process of that time and for example 
whether a language system which supports general escape should be 
installed. 

Summary of Invention 
The present invention is achieved in view of this situation and the 
main objects are to provide a method for deleting data in which, in the case 
where the scanning and the advance marking of the snapshot GC is 
interrupted, a barrier is set at the function recording region which has been 
scanned, and when the function recording region having the barrier is 



destroyed, the main program causes the scanning and advance marking to 
be carried out preferentially, and thus the generation of abnormal , . , 

processing due to failure of the advance marking is prevented; data deleting 
apparatus for suitably applying this method; and a recording medium 
having recorded thereon a program which realizes this device. 

Further, another object of the present invention is to provide a data 
deleting apparatus in which the address of the function which is caused to 
carry out the scanning is set as a barrier thereby controlling the overhead, 
and in which revision of the main program is unnecessary. 

In addition, yet another object of the present invention is to provide 
a data deleting device and the like in which, in the case of a language 
system which supports the local functions, when the function which is 
executed in the function recording region which is to be scanned refers to a 
function recording region at a lower position, not only the function recording 
region which does the referring but also the function recording region which 
is referred to is scanned, and as a result, even if a barrier is set between the 
function recording region which does the referring and the function 
recording region which is referred to, for example, generation of processing 
abnormalities is prevented, and further the function recording regions to be 
scanned is made substantially less and thus the real time property is not 
lost. 

In addition, yet another object of the present invention is to provide 
a data deleting apparatus and the like wherein when the throw switches 
over the function being executed to the function which becomes the return 
function and which has a lower position than the functions from which it 
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was called, if a barrier is set between the function recording region for the 
function which is being executed and the function recording region for the 
function to which the function is returned, by starting scanning of the 
recording region for the function to which the function is returned, the 
function recording regions which are to be scanned are substantially less 
and thus the real time property is not lost, and further, the unscanned 
function recording region which is between the function recording region for 
the function which is being executed and the function recording region for 
the function to which to which that function is returned is never referred to, 
so even if scanning is not carried out, processing abnormalities are not 
caused. 

The method for deleting data according to a first aspect is one in 
which a function recording region necessary for executing a function is 
stacked in a stack region in the memory and the function is executed, and 
after the execution, the process of the main program for destroying the 
function recording region is alternated with the deletion of unnecessary 
unprotected data which is recorded in the data recording region for 
recording data used in executing the function, wherein: the function 
recording regions stacked in the stack region are scanned from the upper 
position side to the low position side, and marking in advance is carried out 
for protecting the data in the data recording region indicated by the pointer 
recorded in the function recording region which has been scanned; a barrier 
is set for restricting the execution of a function at the function recording 
region at which scanning was last carried out, in the case where scanning of 
the function recording region is interrupted in order for the process of the 
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main program to be carried out; and scanning is preferentially carried out 
over destruction when the barrier is set at the function recording region 
which is to be destroyed after the execution of the function is complete. 

In the method for deleting data according to the first aspect, a 
barrier is set for the function recording region which have been scanned, 
and when the function recording region having the barrier is destroyed, the 
scanning and the advance marking is executed with preference over the 
main program, and thus the function recording region is destroyed and 
changing of the current frame to the unscanned function recording region is 
prevented. Thus the generation of failure due to the changes of the pointer 
based on the process of the main program while scanning is interrupted is 
prevented, deletion of necessary data is avoided, generation of process 
abnormalities is prevented, and deletion of unnecessary data which is 
recorded in the data recording region without loss of real time property, 
when the main program is executed, is possible. 

The method and apparatus for data deletion of a second aspect is one 
in which a function recording region necessary for executing a function is 
stacked in a stack region in the memory, and after the execution, the process 
of the main program for destroying the function recording region is 
alternated with the deletion of unnecessary unprotected data which is 
recorded in the data recording region for recording data used to execute the 
function, wherein the data deleting apparatus includes" a scanning unit for 
scanning the function recording regions stacked in the stack region from an 
upper position side to a lower position side, a unit for carrying out advance 
marking to identify data for protection, in the data recording region 
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indicated by the pointer recorded in the function recording region which has 
been scanned; a unit for setting a barrier for restricting the execution of a . 
function at the function recording region at which scanning was last carried 
out, in the case where scanning of the function recording region is 
interrupted in order for the process of the main program to be carried out; 
and a unit for preferentially carrying out scanning over destruction of the 
function recording region when there is a barrier set at the function 
recording region which is to be destroyed after the execution of the function 
is complete. 

In the data deleting apparatus of the second aspect, a barrier is set 



^ at the scanned function recording region and when the function recording 

region having a barrier is destroyed, the scanning and advance marking is 



M carried out with preference over the process of the main program, and thus 

3Q 

U when the function recording region is destroyed, the current frame is 



23 prevented from being switched to the unscanned function recording region. 

As a result, generation of failure due to the changes of the pointer based on 
CI the process of the main program while scanning is interrupted is prevented, 

m 

deletion of necessary data is avoided, generation of process abnormalities is 
prevented, and deletion of unnecessary data which is recorded in the data 
recording region without loss of real time property is possible when the 
main program is executed. 

The data deleting apparatus of a third aspect is the data deleting 
apparatus according to the second aspect, wherein the barrier is a unit for 
calling the function for executing scanning. 

In the data deleting apparatus of the third aspect, the address of the 
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function which causes the scanning to be carried out is set as a barrier, and 
thus revision of the main program for the process which gives preference to 
scanning over the destruction of the function recording region is 
unnecessary, and further the overhead for that process is controlled and 
thus it becomes possible for unnecessary data to be deleted from the data 
recording region without the real time property being lost at the time the 
main program process is executed. 

The data deleting apparatus according to a fourth aspect is the 
second or third aspect including a unit for determining whether or not the 
function of the first function recording region to be scanned refers to a 
second function recording region which is at a lower position than the first 
function recording region, and in the case where a determination is made 
that the second function recording region is being referred to, when the 
scanning unit scans the first function recording region, the second function 
recording region is also scanned. 

In the data deleting apparatus according to the fourth aspect, in the 
case where the function which is executed in the first function recording 
region refers to the second function recording region, when the first function 
recording region is scanned, the second function recording region is also 
scanned, and thus even if a barrier is set between the first function 
recording region and the second function recording region, generation of 
processing abnormalities is prevented, and further since the function 
recording regions to be scanned are substantially less, real time property is 
not lost. 

The data deleting apparatus according to a fifth aspect is the data 
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deleting apparatus of the second to fourth aspects, wherein when the 
function to be executed is returned from the function being executed to a 
return function which is at a lower position and is different from the 
function which stacked the function recording region necessary for executing 
the function, a unit for determining whether or not a barrier is set between 
the function recording region for the function which is being executed and 
the function recording region for the return function, and when a 
determination is made that there is a function recording region having a 
barrier set, the scanning unit carries out the scanning starting with the 
function recording region of the return function. 

In the data deleting apparatus of the fifth aspect, in the case of a 
function recording region having a barrier set between the function 
recording region in which a function is being executed and the function 
recording region of the return function, since scanning is carried out from 
the function recording region of the return function, the function recording 
regions to be scanned can be made substantially less and thus real time 
property is not lost, and further the function recording region between the 
function recording region for the function which is being executed and the 
function recording region of the return function is never referred to and 
scanning is not carried out and thus processing abnormalities are not 
generated. 

The recording medium which is readable by a computer according to 
a sixth aspect is one in which a function recording region necessary for 
executing a function is stacked in a stack region in the memory and then the 
function is executed, and after the execution, at the computer which 
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executes the main program which destroys the function recording region are 
recorded, the process of the main program is alternated with the recording 
of the program which the deletes the unnecessary unprotected data which is 
recorded in the data recording region for recording data used to execute the 
function, wherein, the recorded computer program includes: a program code 
unit in the computer for scanning the function recording region stacked in 
the stack region from the upper position side to the lower position side; a 
program code unit in the computer for carrying out advance marking for 
identifying data for protection in the data recording region indicated by the 
pointer recorded in the function recording region which has been scanned; a 
program code unit in the computer for setting a barrier for restricting the 
execution of a function at the function recording region at which scanning 
was last carried out, in the case where scanning of the function recording 
region is interrupted in order for the process of the main program to be 
carried out; a program code unit in the computer for preferentially carrying 
out scanning over destruction of the function recording region when there is 
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P a barrier set at the function recording region which is to be destroyed after 

the execution of the function is complete. 

In the recording medium which is readable by a computer according 
to the sixth aspect, the program which is recorded thereon is executed at the 
computer which processes the main program and thus the computer 
operates as a device for deleting data. Thus a barrier is set at the function 
recording region which has been scanned and when the function recording 
region having the barrier set thereto is destroyed, the scanning and advance 
marking is carried out with preference over the process of the main program, 
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and thus when the function recording region is destroyed, and the current 
frame is prevented from being switched to the unscanned function recording 
region, and thus generation of failure due to the changes of the pointer 
based on the process of the main program while scanning is interrupted is 
prevented, deletion of necessary data is avoided, generation of process 
abnormalities is prevented, deletion of necessary data is avoided, generation 
of processing abnormalities is prevented, and unnecessary data which is 
recorded in the data recording region can be deleted without loss of real 
time property when the main program is processed. 

ci 

Brief Description of Drawings 

il 

y Fig. 1 is a block diagram showing the structure of a data deleting 

|j apparatus of the present invention; 

PI 

* Figs. 2A to 2C are explanatory diagrams for conceptually illustrating 

Q 

v j a method for data deletion of the present invention; 

y> 

0> v Figs. 3A and 3B are explanatory diagrams for conceptually 

St illustrating a barrier in a method for data deletion of the present 

N 

invention; 

Fig. 4 is an explanatory diagram for conceptually illustrating a 
method for data deletion of the present invention; 

Fig. 5 is a flowchart for illustrating the process steps in a method for 
data deletion of the present invention; 

Fig. 6 is a flowchart of the process steps in a method for data 
deletion of the present invention; 

Fig. 7 is a flowchart showing the process steps in a method for data 
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deletion of the present invention; 

Figs. 8A and 8B are explanatory diagrams for conceptually .. V( _ : , v , . 
illustrating a method for data deletion of the present invention; 

Fig. 9 is a flowchart showing the process steps in a method for data 
deletion of the present invention; 

Figs. 10A to IOC are explanatory diagrams for conceptually 
illustrating a function recording region for a function necessary for 
executing the main program; 

Fig. 11 is an explanatory diagram for conceptually illustrating a 
scanning and marking process of a method for data deletion of the prior 
art; 

Figs. 12Aand 12B are explanatory diagrams for conceptually 
illustrating a scanning and marking process of a method for data deletion 
of the prior art; 

Figs. 13Aand 13B are explanatory diagrams for conceptually 
illustrating a scanning and marking process of a method for data deletion 
of the prior art; 

Fig. 14 is an explanatory diagram for conceptually illustrating a 
scanning process of a method for data deletion of the prior art; and 

Figs. 15A and 15B are explanatory diagrams for conceptually 
illustrating a scanning process of a method for data deletion of the prior 
art. 



Detailed Description 
The following describes the present invention in detail based on the 
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drawings illustrating embodiments thereof. Fig. 1 is a block diagram 
showing the structure of a data deleting apparatus of the present invention. 
In this diagram 10 is the data deleting apparatus used in a general use 
computer of the present invention, and the data deleting apparatus 10 
comprises auxiliary recording unit 12 such as a CD-ROM drive or the like 
which reads information such as programs and data from the recording 
medium 20 which may be a CD-ROM or the like having information such as 
programs and data for the data deleting apparatus of the present invention 
recorded thereon; a magnetic recording unit 13 such as a hard disk and the 
like for recording information such as programs, data or the like which was 
read by the auxiliary recording unit 12; and a memory unit 14 for 
temporarily recording each type of information. 

Further, in addition to information such as the programs and the 
data for the data deleting apparatus of the present invention, a main 
program which was created using programming languages such as Java, 
C++, Lisp, Prolog and the like which create data dynamically are recorded 
on the magnetic recording unit 13. It is to be noted that the program of the 
present invention may also be recorded as a part of the program for 
executing the main program. 

In addition, information such as programs and data from the 
magnetic recording unit 13 are read and recorded in the memory unit 14, 
and by executions in the CPU 11, the general use computer operates as the 
data deleting apparatus 10 of the present invention. 

It is to be noted that a portion of the recording region of the memory 
unit 14 is used as a stack region for securing the function recording region 
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for the functions necessary for executing the process of main program and 
the data recording region for recording the data necessary for executing the 
process of the function. 

Further the data deleting apparatus 10 is equipped with input unit 
15 such a keyboard and mouse and the like, as well as output unit 16 such a 
monitor and a printer. In addition, in the case where the main program is, 
for example a program which controls each of the machines in real time, the 
data deleting apparatus 10 further comprises a communications unit 17 and 
is connected via the communications unit 17 to the machines to be 
controlled. 

Next, the process content of the method for deleting data of the 
present invention will be described. The method for deleting data of the 
present invention is a method which applies the snapshot GC of the prior 
art. Fig. 2A to 2C are explanatory diagrams for conceptually illustrating a 
method for data deletion of the present invention. It is to be noted that, in 
Figs. 2A to 2C, the portion with the lines which slant downward to the left 
shows the scanned function recording region while the portion with the lines 
which slant downward to the right shows the unscanned function recording 
region, and the portion enclosed in a bold frame is the current frame. 

As shown in Fig. 2A, in the method for deleting data of the present 
invention, when scanning is interrupted, a barrier is set at the function 
recording region at which scanning was last carried out. This barrier 
which is set, is set with the purpose of restricting the process of the main 
program, and in the case where the execution of the function in the current 
frame is completed and the matching function recording region is destroyed, 
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when a barrier is set at the function recording region which is to be 
destroyed, as shown in Fig. 2B, the process for destroying the function 
recording region is interrupted and scanning of the function recording 
region is temporarily carried out. Thus by the function recording region 
being destroyed, the switching of the unscanned stack region to the current 
frame is prevented, and after the scanning is complete, as shown in 2C, 
destruction of the matching function recording region is carried out and the 
current frame is switched. 

The barrier set in this manner gives preference to the scanning 
process over the process of destroying the function recording region which is 

a 

€i one of the processes of the main program, and a result, failure of the 
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© advance marking which is carried out along with the scanning can be 

Ui 

hi prevented. 

m 

HI Figs. 3A and 3B are explanatory diagrams for conceptually 

CI illustrating the barrier in a method for data deletion of the present 

%| 

y* invention. Fig 3A shows groups of data included in the function of the 

m 

Q. current frame before the barrier is set. Fig 3B shows groups of data 

included in the function of the current frame having the barrier set. 

In the method for deleting data of the present invention, as shown in 
Figs. 3A and 3B, the return address (return addr) in the data group included 
in the function is replaced by the address of the function which is carried 
out preferentially over the scanning (Scan frames and return to") and thus is 
a barrier which controls the execution of the main program. It is to noted 
that process for eliminating the barrier is carried out by making the 
replaced address to the original address once again. 
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For this reason the operation of changing the main program or the 
like is unnecessary, and further because a process such as one for detecting . 
the existence of a barrier is unnecessary, generation of overhead can be 
controlled. 

Fig. 4 is an explanatory diagram for conceptually illustrating a 
method for data deletion of the present invention. Fig. 4 illustrates the 
case in which the function executed by the main program is a local function 
including the following Common Lisp code, 
(defun F(x) 

(labels((G(yz)....(Gzy)...)) 
(Gxx))) 

That is to say, in the function F, the local function G is defined and 
the function G itself is reflexively called from the function G, and also the 
variable x which appears in the reflexive calling system is a parameter 
which is defined by the function F and it exists in the function recording 
region for the function F. For this reason, while this function G is being 
executed, not only the function recording region for the function G, but also 
the function recording region for the function F which has a lower position 
than this function recording region is also referred to, and a static link 
which makes if possible to refer to the function recording region of the 
function F is stored in the function recording region of the function G. 

In the present invention, in order for language system which 
supports the local functions to be usable, in the case where the function 
recording region for function G which is shown in Fig. 4 is scanned, a 
determination is made as to whether or not the function G is referring to the 
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function recording region at a lower position which executes function F, and 
if a determination is made that it is referring to the function recording 
region at a lower position, when the function recording region for function G 
is scanned, a function recording region at a lower position which executed 
the function F is also scanned. At this time, the scanning of the function 
recording region which is between the function recording region for the 
function G and the function recording region for the function F, is carried 
out after the scanning of the function recording region of the function F. It 
is to be noted that in a case where a function recording region of an even 
Q lower position than the function F is being referred to, scanning is carried 

Cj out for that function recording region also. 

€1 

UJ Next, the process steps of the method for data deletion of the present 

w 

Q invention will be described using the flowcharts of Figs. 5, 6 and 7. In the 

m 

* data deletion apparatus 10, the process for the function of the main program 

0 

\j is carried out alternately with the process for deleting unnecessary data. 

Q\ The process steps for deleting data are- while the main program is 

interrupted, the function recording region which is stacked in the stack 
region carries out the process of scanning from the high position side to the 
low position side (Si 01) I and the pointer recorded in the function recording 
region which has been scanned carries out advance marking for 
identification of data for protection in the data recording region which has 
been indicated directly or indirectly (S102). 

It is to be noted that as explained using Fig. 4, in the case where the 
main program can be used in a language system which supports local 
functions, in the scanning process of the function recording region in step 
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101, as shown in Fig. 6, the process for determining whether or not a region 
for reference exists is carried out by a static link. That is to say, the , .... 
function executed in the function recording region to be scanned (referred to 
as the first function recording region hereinafter) determines whether the 
function recording region which is at a lower position than the first function 
recording region (referred to as the second function recording region 
hereinafter) is being referred to (S201), and in the case where a 
determination is made that the second function recording region is being 
referred to (S201: YES), the process of scanning the function recording 
region in step 101 includes scanning of not only the first function recording 
region, but also the second function recording region (S202). Then, the 
process proceeds to step 102 and the advance marking is carried out. It is 
to be noted that the function which is executed at what is called the first 
function recording region here, is equivalent to the function G in Fig. 4, and 
the function executed in the second function recording region is equivalent 
to the function F in Fig. 4. 

Also, in step S201, in the case where the determination is made that 
reference is not being made to the second function recording region, 
(S20i:NO) the scanning process of the function recording region in Step 101, 
is the scanning of only the first function recording region (S203), and the 
process proceeds to step S102 and the advance marking process is carried 
out. 

Then, in the case where the processes of step S102 and step 103 are 
interrupted and the process of the main program is to be resumed, a barrier 
is set which controls the execution of the function in the function recording 
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region in which scanning was carried out last. 

After the barrier is set, in the case where the function of the main 
program is executed (S104), and the current frame is switched to the 
function recording region having the barrier set, when the execution of the 
function is terminated and the matching function recording region is 
destroyed, the scanning process takes preference over the destruction 
process (S105), or the scanning is carried out together with the advance 
marking (S106). It is to be noted that at this time also, it goes without 
saying that in the case where the main program uses a language system 
which supports local functions, the process illustrated in Fig. 6 is carried out. 
Further, the function is executed, that is to say, the destruction of the 
function recording region is started once again (Si 07). 

In addition, in the process of steps S105 to S107, specifically as 
shown in Fig. 3B, after the scanning (and the advance marking) is executed, 
in order to call the function for executing the function of the main program, 
control is switched to the address set as the barrier. 

Then after the scanning is complete, while the main program is 
interrupted, as shown in Fig. 7, as the program for deleting unnecessary 
data, the marking is carried out for the data recording region which was 
marked in advance (S301), and the data recording region which was not 
marked is deleted (S302). 

Next in the method for deleting data of the present invention, the 
process is described for the case where, a situation is generated in which 
due to unusual processing such as interruption or other intercepting 
commands while the main program is being executed, or due general escape, 
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the function which to be executed becomes the return function for a function 
being executed, which function is at a lower position. An example is,. a _ . 
process to be applied in the case where a language system which supports 
general escape is usable. 

Figs. 8A and 8B are explanatory diagrams for conceptually 
illustrating a method for data deletion of the present invention. In Figs. 8A 
and 8B, by the general escape being executed from the state shown in Fig. 
8A in which the function H is being executed, after the execution of function 
H is complete, as shown in Fig. 8B the state is shown in which the function 
called throw is executed as the function to where the function F which is at 
i a lower position than the function called by the function H is returned. 

} In the present invention, in order for the language system which 

\ supports the general escape to be usable, as shown in Figs. 8A and 8B, in 

I 

' the case where the function F to which a function is returned is at a lower 

position and different from the function which stacks the function recording 
region of the function H which is being executed, when there is a function 
recording region having a barrier set thereto between the function recording 
region of the function H which is being executed, and the function recording 
region of the function F to which it is returned, the set barrier is removed 
and the scanning of the function recording region to which it is returned is 
resumed, and advance marking and barrier setting is carried out. 

For this reason, a function recording region which is not scanned is 
generated between the function recording region which executed the 
function H and the function recording region which executed the function F, 
and the data of the data recording region which is indicated directly or 
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indirectly by the pointer recorded in this function recording region is deleted 
because it is not marked in advance, but since this data is never referred to 
abnormal processes are not caused. 

Next the process steps of the method for deleting data of the present 
invention are described using the flowchart shown in Fig. 9. 

In the data deleting apparatus 10, in the case where general escape 
is carried out, firstly a process for searching for the return function is 
carried out from the function recording region for the first function, to the 
function recording region at the lower position. At this time along with the 
process of searching for the return function, it is determined as to whether 
or not there is a function recording region having a barrier. Then in a case 
where a determination is made that there is a function recording region 
having a barrier between the function recording region in which the 
function is being executed and the function recording region for the return 
function (S401: YES) the set barrier is removed (S402), and scanning, 
advance marking and barrier setting for the function recording region for 
the return function is started (S403). 

In the case where in step 401, a determination is made that there is 
no function recording region having a barrier between the function 
recording region in which the function is being executed and the function 
recording region for the return function (S401: NO) since this unit the 
function recording region for the return function has already been scanned, 
the processes of S402 and S403 are not carried out. 

In this embodiment, each of the devices is connected to the data 
deletion apparatus of the present invention which is a general use computer 

27 



so that they controlled in real time. However, the present invention is not 
limited thereto, and the present invention may be suitably programmed so 
as to be applied to a microcomputer for control which is equipped with each 
of the devices for which real time property is required. 

As described in detail above, in the method for deleting data, the 
data deleting apparatus and the recording medium of the present invention, 
the process of the method for deleting data has a main program created 
using programming languages such as Java, C++, Lisp, Prolog and the like 
which create data dynamically, and this main program is carried out 
_ alternately with a process for deleting unnecessary data. In the process of 

® this method for deleting data, a barrier is set at the function recording 

f\ region which has been scanned, and when the function recording region 

Vsr ■ * 

having the barrier set is destroyed, the scanning and advance marking is 
fU preferentially carried out over the execution of the main program, and thus 

a 

CI when the function recording region is destroyed, the current frame is 

%i 

prevented from being switched to the unscanned function recording region. 
Thus advance marking failure which is generated due to the changes of the 
pointer based on the execution of the main program while scanning is 
interrupted is prevented, deletion of necessary data is avoided, generation of 
process abnormalities is prevented, and deletion of unnecessary data which 
is recorded in the data recording region without loss of real time property at 
the time of execution of the main program is possible, and other excellent 
effects can be obtained. 

Further in the present invention, the address of the function which 
causes the scanning to be carried out is set as a barrier, and thus revision of 



ni 
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the main program for the process which gives preference to scanning over 
the destruction of the function recording region is unnecessary, and further 
the overhead cost for that process is controlled and thus it becomes possible 
for unnecessary data to be deleted from the data recording region without 
real time property being lost at the time of execution of the main program. 

In addition in the present invention, in the case of a language 
system which supports the local functions, when the function which are 
executed in the function recording regions which are to be scanned refers to 
a function recording region at a lower position, not only the function 
recording region which does referring but also the function recording region 
which is referred to is scanned, and as a result, even if a barrier is set, for 
example, between the function recording region which does referring and 
the function recording region which is referred to, generation of processing 
abnormalities is prevented, and further the amount of function recording 
region which is to be scanned is made substantially less and thus the real 
time property is not lost, as well as other excellent effects are obtained. 

In addition, when the throw is executed, which throw switches the 
function which it executes from a function being executed to a function at a 
lower position which did not call that function, and which will become the 
return function, if a barrier is set between the function recording region for 
the function which is being executed and the function recording region for 
the function to which the function is returned, by starting scanning from the 
recording region for the return, the function recording region which are to 
be scanned is made substantially less and thus the real operation is not lost, 
and further, the unscanned function recording region which is between the 
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function recording region for the function which is being executed and the 
function recording region for the function to which for the return function is 
never referred to, so even if scanning is not carried out, processing 
abnormalities are not caused, and other excellent effects are obtained. 
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